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(a) 

lad Ub lacZ LacY LacA 

LacOperon Ub-Arg- 



(b) 

M Q ' F V _ K T t T Q K T I T L E V E 8 8 O T 10' 
CGGATAACAA TTTCACACAG GAAACAGCTA TGCA.GATTTT CGTCAAGACT TTGACCGGTA AAACCATAAC ATTGGAAGTT GAATCTTCCG ATACCATCGA 
OCCTATTGTT AAAGTGTGTC CTTTGTCGAT ACGTCTAAAA GCAGTTCTGA AACTGGCCAT TTTGGTATTG TAACCTTCAA CTTAGAACGC TATGGTAGCT 

• PMV K 8 K ' Q DtC E G 1 p PPQ Q R L I FA Q K Q L E D Q R Tl 8 
CAACGTTAAG TC GAAAAT TC AAGACAAGGA AGGTATCCCT CCAGATCAAC AAAGATTGAT CTTTCCCGGT AAGCAGCTAG AAGACGGTAG AACGCTGTCT 
GTTGCAATTC AC\, tui AAG TTCTGTTCCT TCCATAGGGA GGTCTAGTTG TTTCTAACTA GAAACGGCCA TTCGTCGATC TTCTGCCATC TTGCGACAGA 

D Y M | Q K E ST L HtV L R L R QQ R H Q8 G AV L LP V 8L V^tT 
GATTACAACA TTC AGAAG GA GTCCACCTTA CATCTTGTGC TAAGGCTAAG AGGTGGTAGG CACGGATCCG GAGCTTGGCT GTTGCCCGTC TCACTGGTGA 
CTAATGTTGT AAGTCTTCCT CAGGTGGAAT GTAGAACACG ATTCCGATTC TCCACCATCC GTGCCTAGGC CTCGAACCGA CAACGGGCAG AGTGACCACT 
-K R K T T L A P H T Q T A 8 P R A I A O 8 L M Q L A R Q V 8 R [ N R* 
AAAGAAAAAC CACCCTGGCG CCCAATACGC AAACCGCCTC TCCCCGCGCG TTGGCCGATT CATTAATGCA GCTGGCACGA CACGTTTCCC GA 
Am.iwi-iv GTGGGACCGC GGGTTATGCG TTTGGCGGAG AGGGGCGCGC AACCGGCTAA GTAATTACGT CGACCGTGCT GTCCAAAGGG CI 

• R t A A H P P FA8VRN 6 EEAR TDRP8 OGLR 8 LM< 
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kl2-el 

MMGfafcFh+ttitgTfctUgTtrGfrlgWr It Tfcr Lao Qo Yd (23 Sff 8«i Aiy Thr b Ay fa W to tg 

5001 y ^ 0 **^* GCTATGCAGA TTTTCGTCAA GACTTTGACC GGTAAAACCA TAACATTGGA AGTTGAATCT • TCCGATACCA' ?rCGiCAACGT TAAGTCGAAA 

TgrCCTtTCI COATACGTCT , AAAIGCACTT CTGJJUUrTO^ CC ATTT^^ 

* U GtaAa p Us Cto Gfr b ProProAsp GhGhArg Uu b Pfct Ato 0> Lp Gh Uo S3 As? Gh Are Tfcr Up Sw to T» Aq b Gfa Ur 
5101 AT TCAA6ACA ACCAAGGTAT CCCTCCAGAT CAACAAAGAT TGATCTTTGC CGGTAAGCAG CTAGAAGACG GTAGAACGCT GTCTOATTAC AACATTCAGA 

TA ^ JiVW ' JgCJTCCAXl GGGAGGTCTA GTTgTTTCTA ACTAGAAACG GCCATTCGTC GATCTTCTCC CATCTTGCGA CAGACTAATO„ TTGTAAGTCT 

0 n»ga8« Iw Hi Ua Vd Ua Arg Uo Atg Gtj jg Lcc Cj Sw^AlitplwlwftoVritotwYdmeblwten toUtf 

5201 ACGACTCCAC CTTACATCTT GTGCTAAGCC TAAGAGGTGG TTTGCACGGA TCCGGAGCTT GGCTGTTCCC CGTCTCACTG GTlj^^C^TT^^^^^ 

TCCTCAGGTC GAATGTAGAA CACGATTCCG ATTCTCCACC AAACGTGCCT ACGCCTCGAA CCGACAACGG GCAGAGTGAC CAA> ■yvf, - . ... V».{ 

•I TL& Ato Ato His Pro Pro Ri Ah Car Tin An Asa fin r>i «» *™ tt- STZ SI /u. TT^~™jT_ — _ ' . _ . _' 



i | , c<f Tf P ftg^ Afa S« Oti C2a Ato Arp Thr Aip Are Pro Sal a Eh Uu ftg Sw In Aa <a» Ttp Are Po t 

< ^^AA4GCfCg?CGACC0C, ATTATCGfrTT- CTCCfr^CGT GG^jO^S6^1AG^?W^tC j^G^?CCTC^G> ACTTA'^^^t^^j^^^^l^^l 



kl2-e2 



•1 


MrttOa b PtoVd Us Thr Uu Thr Gj Lp n. 8* Thr Lao Gfa Go So 8« Asp Thr Ot Arp An V rf Lp 9« Lp 


5001 


ACAGGAAACA GCTATGCAGA 1 11 ZCGTCAA GACTTTGACC GGTAAAACCA TAACATTGGA AGTTGAATCT TCCGATACCA TCGACAACGT TAAGTCGAAA 
TOTCCTTTGT CGATACGTCT AAAAGCAGTT CTGAAACTGO CCATTTTGGT ATTGTAACCT TCAACTTAGA AGGCTATGGT AGCTGTTCCA ATTCAGCTTT 


•1 


Of ea Asp lp Ql Qj to Pro PtO A=p G£» XSst Arg Lra Do Pho Ala GJ3 Lfs Gh Lev G3o Asp 




5101 


ATTVAAGACA AuaAAGGTAT CCCTCCAGAT CAACAAAGAT TGATCTTTGC CGGTAAGCAG CTAGAAGACG GTAGAACGCT GTCTGATTAC AACATTCAGA 
TAAGTTCTGT TCCTTCCATA GGGAGGTCTA OllUIIlLIA ACTAGAAACG GCCATTCGTC GATCTTCTCC CATCTTGCGA CAGACTAATG TTCTAAOTrrr 


>l 


a*(2u Sei Thr Uu Ms Ug Vil Im «q In ftg Sj GQj Uu Hi Gtj 8« C3j AU Trp Uu Uu 


Pte V«l Sar Uu Vd In An Us Thr Thf l*f 


S201 


AGGAGTCCAC CI IAUATCTT tfiWiAAwC TAAGAGGTGG TTTGCACGGA TCCGGAGCTT GGCTGTTGCC CGTCTCACTG GTGAAAAGAA AAACCACCCT 
TCCTCAGGTG GAATGTAGAA CACGATTCCG ATTCTCCACC AAACGTGCCT ACGCCTCGAA CCGACAACGG GCAGAGTGAC CACTTTTCTT TTTGGTGGGA 


•1 


?U. Ato Pi© Asa Thr Gh Thr Alt 8tr Pro Thr Gh Uo Atd Arj In All Ate Hs Pro Pro Pba Ah Gar To An Aid G«r GU Gfa Ato Am Tbt An 


5301 


GGCGCCCAAT ACGCAAACCG CCTCTCCTACwC^ 

CCGCGGGTTA TGCGTTTGGC C^AGACGATG^G^^^^^^^^^^^^^^j^^^^l^SoGTjCt 





kl2-e3a 



5001 


MrtGfc It PhtVH Us Thr Uu Tfr Gb Us Tnr It Thr Lau Gto Val Glu Sar Sar Aip Tor It Asp Asn Val UstalfS 
ACAGGAAACA GCTATGCAGA TTTTCGTCAA GACTTTGACC GGTAAAACCA TAACATTGGA AGTTGAATCT TCCGATACCA TCGACAACGT TAAGTCGAAA 
TCTCCTTTGT CGATACGTCT AAAAGCAGTT CTGAAACTGO CCATTTTGGT ATTGTAACCT TCAACTTAGA AGGCTATGGT AGCTGTTCCA ATTCAGCTTT 


«1 


b Gb» Asp Us Gh) Gig b PioPioAipabQnAigLiu hPtoAh^LpGhUuGvAspGtArgThtMSHAspTpAsaDi OhLp- 


S101 


ATTCAAGACA AGGAAGGTAT CCCTCCAGAT CAACAAAGAT TGATCTTTGC CGGTAAGCAG CTAGAAGACG GTAGAACGCT GTCTGATTAC AACATTCAGA 
TAAGTTCTGT TCCTTCCATA GGGAGGTCTA GTTGTTTCTA ACTAGAAACG GCCATTCGTC GATCTTCTCC CATCTTGCGA CAGACTAATG TTGTAAGTCT 


.t 


n*GtoScr Tht In Ks Uo VH Itu Aig Ug An laj Qj In Hi Us Arg Us Thr Thr Uu Ato Thr Qh Lk An An Ln Ati Ata Ht totw 


5201 


AGGAGTCCAC CTTACATCTT GTCCTAAGGC TAAGAGGTGG TTTGCACAAA AGAAAAACCA CCerrGGC&^^^pvffJ^^r ^y^r^r-Jr^ f» »fr 
TCCTCAGGTG GAATGTAGAA CACGATTCCG ATTCTCCACC AAACGTGTTT TCTTTTTGGT GGGACCCCflWcliiTC^^ 




.1 


?PltPbt Alt 8m Tip Atg An 8« GfeGto AU Arp Thr Asp Arg Pro Sar Gtn Gtn lau Atg Go Uo Asn Qi Gaj Trp An Ph» Ato Tre Pbt Pro AU 


5301 





. kl2-n3 



.1 


Mat tys Un Pro b Tyr Uu Asp Tp Sar Ato Sat Thr 


Ma* la TU Asp Bar Uo Alt Val Yal Lau Gtn Arg Arg Asp Ttp Gto 


5001 


ACAGGAAACA GCTATGAAAC TGCCGATTTA TCTGGATTAT AGCGCGAGC^t 
TCTCCTTTGT CGATACTTTG ACGGCTAAAT AGACCTAATA TCGCGCTCcS^C 






•1 


Asn Pro Gt) Val Thr On Uu Asn Arp Lau Alt AU Hi ProProPht Ato 


Sir Trp Arg Asn Sar Gki Gki Ato Ara Thi Ass Are Pro Bat Gh Gfct L* 




5101 




^PPiP^Mir^M^Ml 



K12-n5 



GhCtaGIa Gh Aia An Lp Tto Sar Sar Tht 



ACAGGAAACA GCTATGATGC AGGAAGGCCA GAACCGCAAA 
TGTCCTTTGT CGATACTACG TCCTTCCGGT CTTGGCGTTT 



Thr Asp ear Lao Ala Val Vat Uu 




3/19 



WO 2004/090104 



PCT/US2004/010341 




4/19 



WO 2004/090104 PCT/US2004/0 10341 




5/19 



WO 2004/090104 



PCT/US2004/010341 



loci JacY 




^L^rVr^n;,^ ._ D S S * Y I p P L T T I K QDFR LL 

JtGACAGCTCA TGTTATATCC CGCCGTTAAC CACCA7CAAA CAGGATTTTC 
CACCCTATGC TGCTATGGCT TC7G7CGAGT ACAATATAGG GC GGCAATTG GTGGTAGTTT GTCCTAAAAG 

CTCavrCC^TGCTGCAACT C^CTcL™ ^r^A^^L.? V S J: V * * * T T L A P » T 

AAAAGAAA AACCACCCTG GCGCCCAATA 
ITTTCTTT 

Q T A SPR a i ar, o , ~ - . _ 

2 CO! 

• *-.rfv* ^cmarrw v.:*.- : /cv.-.A-.-r. ^.wwa ,,:.;;.-^:;. a=5SA?.w. ax^,"^ 

. J*fc3.-* OP? .Ti* I:."". A.i2*AAT^T^ SI A? 
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(a) 



HPThloredoxin 





PVS5 

5221 bp 



Venus-ssrA 



(b) 



£SSS ™g»£ g5~ -gSSS cc^ o r c0 ?o^ 



— — gag agg — gg. 

— ^ *° ^ Pro Asp M» Me« Lg Oh Hh Asp Pb, ft> Lp Sex All Mh ftp Gh T» Vtf 



1111 SSSS SS SSSSSS ESSES « ££~ jjj^^^i SHS 
jig 555 jig ££SSg SS~ ^gfg^ ^cc^^I^ 

Illj SSSSg £SSS£ SSS SSS 5gg assnsi is^^dg^ 

d t» Ljg Att Aan Ptw ig» «, ^ ^ (^ aT^ TGTTGATGTT OTCGGTGTTG CAOA T JITAOT gQCGCCTCTT CCTCTTCTTG 

ssss ass = ass = ~ =l^ ^ag; 



■ ■ " ■ ■-. — ' — — , »»» , "** w*p wu act T gr A!* Ltu Ala AU "* '" 

sssss = ass sag ase B^^sgg ~sa» 
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RBS ub-x-vfo 2 cat sacB RBS ub-x-lacZ 
1 l&CTx^H" 



SSX/S/SS/S/Ss 



amp 




i Enzyme 
digestion 



RBS ub-x-yfp z cat sacB RBS ub-x-lacZ 



j 



Electroporation and 
selection for blue colonies 
on X-gal plates 



Tn5 transDOsase 



la-ETHTTTTTi-^ &ZZZZS2ZZZ&-+ — // 



J 



Homologous 
recombination 



^—KZ3^Z8ZZ2Zt*—ll 



Selection for 
sucrose sensitive 
and white colonies 



Selection for 
sucrose sensitive 
and blue colonies 



I > 
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Random amplification 
of transposon ends 
(RATE) 




\ 



DNA sequencing, new 
master plates making 



•••■•■•••■■••••••••■•••••••■a 

•••••••••••• 

••••• KMIIIMIMMI) , 



•••••■••■■•■•■•••■••■■•••■••a 




Cell stock 
making 
► 



Cell array 
printing 




o o o o o o 
o o • o o o o 
o • o o o 
o • o • o 




Signal observation on TIRBeattl 




Flow 



13/19 



WO 2004/090104 



PCT/US2004/010341 




MM Gb Q» Pht V<1 Lg» Thf Lto Thf QJ| Thr D» Tin Uu 



V«J GloSt? StrAipTfrrtoAsp- 



^iliiSi iTTISJ^ifi ggaaacagct atgcagattt tcgtcaagac tttgaccggt aaaaccataa cattggaagt tcaatcttcc gataccatcg 

CCCCTATTGT TAAAGTGTGT CCTTTGTCOA TACGTCTAAA AGCAGTTCTG AAACTGGCCA TTTTGGTATT GTAACCTTCA ACTTAGAAGG CTATCGTAGC 
AgAsr, V«l L,, S«t lg« 8. On An» M,, GM Gig B» Pio Pro Ajp Gh Gft> _A»g_Uu 8t Ph« At. B, t» Gh Uo Oh Arg TiTT^T 



i?f±22TTii ?T CG f±^ TT CAAGACA ** aaggtatccc tccagatcaa caaagattga tctttgccgg taagcagcta gaagacggta gaacgctg'tc 

TCTTGCAATT CAGCTTTTAA GTTCTGTTCC TTCCATAGGG ACGTCTAGTT GTTTCTAACT AGAAACGGCC ATTCGTCGAT CTTCTGCCAT CT TGCGACAG 
•SfAsp Tjy Act to Bp Lyt Chj S«f TTtt L»u His L«q Vij fa Affl Leu Arg Qtg Gtj Lit Tht Mrt 0» Thf A»p Set fq Ate Vat V«i uiT^TTtfo" 

TGATTACAAC ATTCAGAAGG AGTCCACCTT ACATCTTGTG CTAAGGCTAA GAGGTGGlff ' •---=== i =-^- 

ACTAATGTTG TAAGTCTTCC TCAGGTGGAA TGTAGAACAC GATTCCGATT CTCCACCa| 

Uq Asn Arg Ug Ate Ah Ms Ro Pro Ph* AU S« Trp Arg Act Sw 
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Figure L Fluorescence image of Shewanella 
oneideinsis cells containing lacZ plasmid taken 
with a through-lens total internal reflection 
(TIR) fluorescence microscope. Each bright 
spot is a single cell, in which DDAO generated 
by the basal level expression of 0-gal is 
detected with high sensitivity. 



1.5x1(3 
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Figure 2. DDAO fluorescence generated by 
hydrolysis of DDAO-Gal with the wild-type 
Shewanella oneideinsis cells (light gray lines), with 
ceils containing lacZ plasmid (gray lines), and cells 
containing both lacZ and the ubiquitin-specific 
protease plasmid (black lines). 
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FIG. 1(a) 

CEN6/ARSH4 



"LacZORF 




// CYC1 transcription termination signal 

Ampicillin resistance gene ^^ == =9^^^>i^^ 

pUC origin 

(b) 

1 kCGGATTAGA AGCCGCCGAG CGGGTGACAG CCCTCCGAAG GAAGACTCTC CTCCGTGCGT CCTCGTCTTC ACCGGTCGCG 

fc^?-^^^^ CTTCTGAGAG GAGGCACGCA GgSgIIg 

HS!?^ ^S^?^ CTCGCGCCGC GCT CCGA* ACAAT AAAGA* T T CT ACAAT A* CTAGCt't T T A* T GGT TAT GAA~ * 

TGACGAGGCT TGTTATTTCT AAGATGTTAT GAT CGAAAAT ACCAATACTT 

161 S^Sli^! TGGCAGTAAC CTGGCCCaAC AAAC^TTCAA*ATGAACGAAT*CA^W 

— - ^9-9?-?*?^ tttggaagtt tacttgctta gtttaattgt tggtatccta ctamacsct 

241 TTAGITTTTT AGCCTTATTT CTGGGGTAAT T AAT CAGCGa" aT^GAT GAT T * T T T GATCT AT " T A^CAGAT AT " AT AAAT GCAa" " 

_._*£SMf^ SSS^^.S!SSSS^^SSiSSF^ tcgctactaa aaactagatI ESSSISE 

^S TGCATA ACCACTTTAA CTAATACTTT CAACATTTTC GGT T T GT AT T " ACT T CTT AT T " CAAAsfGT AAT " AAAAGT AT CA* " 

^^S^?S?^.^^^^^^?.,^fS^f^^f^A^ GT T GT AAAAG CCAAACATAA T GAAGAAT AA GTTTACATTA toJS^J 

4 01 ACAAAAAATT GTTAATATAC CTCTATACTT TAACGTCAAg'gAGAAAAaXc'ccCG^^ 

v— ~ 5*T.^ !HTJ? ,9 aa £ ?. A ? G . $$$£:TJ£l A £T ££^5??.?^ ctcttttttg gggcctag^c tgatgIS cIa^t^Itg 

AGGGAATATT AAGCT T GGT A CCATGCAGAT TTTCGTCAAG ACTTTGACCG GTAAAACCAT AACAT T GGAA 

- — Qz^&r^lir-'- — 99-9?.? A ? AA _ _? ?.9?? AAC . P^.? . 5f®T ACG ^ CT A aaagcagttc tgaaactggc cattttggta ttgtaacctt 

n!^!™? CCGATACCAT CGACAACGTT AAGTCGAAAA TTCAAGACAA GGAAGGTATC CCTCCAGATC AACAAAGAT T 
• .--^^ A ^.5?^A?^A AAGTTCTGTT CCTTCCATAG GGAGGTCTAG T^GTTTC^II 

^^«!SS C GGTAAGCAGC ^ AGAAGACGG TAGAACGCTG TCTGATTACA ACATTCAGAA GGAGT CCACC TTACAT CTTG 

v • - ~^-v * ft c . a j? ?.9.??.9 G . A ?19? ?.9? £99. a ? ct t gcgac agactaatgt tgtaagtctt cctcaggtgg ^atotagaac 

° ^ ^ ^ ^ Arg ag eta Lw , hi, ca, St, ^Zj^lX3i3jjZg£I^ 
721 TGCTAAGGCT AAGAGGT GGT T T GCACGGAT CCGGAGCTTG GCTGTTGCCC GTCTCACTGG TG AAAAG AAA AACCACCCTG 

" - - ^ P G A - -? ?19« P9 £99^. A ^9!f ?195r 9? A _ *?5*99^ 9 gaac cgacaacggg cagagtgacc acttttcttt ttggtgggac 

o " , Ala Pro Asn Thi Gh Tbr AU Sh Pco Ai fl Al> ^jWf^EIMQ^^ 

801 GCGCCCAATA CGCAAACCGC CTCTCCCCGC GCGTTGGCCG AT T CAT T AAT GCAGCTGGC A CGACAGGT T T CCCGACTTAA 

V ^ G £ GG **^^ TAAGTAATTA CGTCGACCGT GCTGTcSaI GGGCTGAATT 

* ^ ^ ^ Al, A»a HI, P,o Ro PM au ^ T rp ' A^"a^ " *T Gb ' 

881 TCGCCTTGCA GCACATCCCC CTTTCGCCAG CTGGCGTAAT AGCGAAGAGG CCCGCACCGA TCGCCCTTCC CAACAGTTGC 
f^SSSi^SSSS^^.Sli/i^^^ GACCGCATTA TCGCTTCTCC GGGCGTGGCT AGCGGGAAGG GTTGTCAACG 

961 ^n—^™ ^CGAATGG CGCTTTGCCT GGTTTCCGGC ACCAGAAGCG GTGCCGGAAA GCTGGCTGGA GTGCGATCTT 

:r-~IS^ 

1041 CCTGAGG 
GGACTCC 
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